Background Acetabular fracture diagnosis is traditionally made with AP and oblique pelvic plain radiographs. Obesity may impair diagnostic accuracy of plain radiographs. New CT reconstruction algorithms allow for simulated radiographs that may eliminate the adverse imaging effects of obesity. Questions/purposes In obese patients with acetabular fractures, we compared CT-generated and plain radiographs in terms of (1) ability to classify fracture type, (2) agreement in fracture classification, and (3) surgeon performance at different experience levels. Methods CT-generated and plain radiograph image sets were created for 16 obese (BMI [ 35) patients with 17 acetabular fractures presenting from 2009 to 2011. Three orthopaedic trauma attending physicians, three senior residents, and three junior residents independently viewed these sets and recorded their diagnoses. These diagnoses were compared to the postoperative findings, which we defined as the gold standard for diagnosis. To assess intraobserver reliability, the same observers reviewed a rerandomized set 1 month later. We had 80% power to detect a 25% difference in the percentage of correctly classified fractures based on a post hoc sample size calculation and 80% power to detect a 0.10 difference in j value based on both a priori and post hoc sample size calculations. Results With the numbers available (153 observations in each image set, 51 for each of the three observer groups), we found no differences between CT-generated and plain radiographs, respectively, in terms of percentage of correct diagnoses for the observer groups (all observers: 54% versus 49%, p = 0.48; attendings: 61% versus 59%, p = 0.83; senior residents: 51% versus 53%, p = 0.84; and junior residents: 49% versus 35%, p = 0.16). Furthermore, agreement between CT-generated and plain radiographic fracture classifications was substantial (j = 0.67). Nonetheless, the attending and senior resident groups performed better in correctly classifying the fracture than the junior residents when using plain radiographs (p = 0.01 and p = 0.049, respectively). Performance was not different when comparing the attendings to the senior resident and junior groups or comparing the senior residents to the junior residents using CT-generated radiographs (p = 0.32, p = 0.22, and p = 0.83, respectively).
Abstract
Background Acetabular fracture diagnosis is traditionally made with AP and oblique pelvic plain radiographs. Obesity may impair diagnostic accuracy of plain radiographs. New CT reconstruction algorithms allow for simulated radiographs that may eliminate the adverse imaging effects of obesity. Questions/purposes In obese patients with acetabular fractures, we compared CT-generated and plain radiographs in terms of (1) ability to classify fracture type, (2) agreement in fracture classification, and (3) surgeon performance at different experience levels. Methods CT-generated and plain radiograph image sets were created for 16 obese (BMI [ 35) patients with 17 acetabular fractures presenting from 2009 to 2011. Three orthopaedic trauma attending physicians, three senior residents, and three junior residents independently viewed these sets and recorded their diagnoses. These diagnoses were compared to the postoperative findings, which we defined as the gold standard for diagnosis. To assess intraobserver reliability, the same observers reviewed a rerandomized set 1 month later. We had 80% power to detect a 25% difference in the percentage of correctly classified fractures based on a post hoc sample size calculation and 80% power to detect a 0.10 difference in j value based on both a priori and post hoc sample size calculations. Results With the numbers available (153 observations in each image set, 51 for each of the three observer groups), we found no differences between CT-generated and plain radiographs, respectively, in terms of percentage of correct diagnoses for the observer groups (all observers: 54% versus 49%, p = 0.48; attendings: 61% versus 59%, p = 0.83; senior residents: 51% versus 53%, p = 0.84; and junior residents: 49% versus 35%, p = 0.16). Furthermore, agreement between CT-generated and plain radiographic fracture classifications was substantial (j = 0.67). Nonetheless, the attending and senior resident groups performed better in correctly classifying the fracture than the junior residents when using plain radiographs (p = 0.01 and p = 0.049, respectively). Performance was not different when comparing the attendings to the senior resident and junior groups or comparing the senior residents to the junior residents using CT-generated radiographs (p = 0.32, p = 0.22, and p = 0.83, respectively). Conclusions CT-generated radiographs are as good as plain radiographs for experienced surgeons for classifying acetabular fractures in obese patients. CT-generated imaging may be valuable in both teaching and clinical settings, and it may spare the patient additional radiation exposure and discomfort. 
Level of Evidence

Introduction
Fractures of the acetabulum constitute approximately 10% of pelvic fractures [4] . They occur most commonly in young adults secondary to motor vehicle collisions or other highenergy trauma with a reported incidence of approximately three per 100,000 person years [8] . Accurate diagnosis is imperative, as it will dictate treatment, weightbearing status, and long-term clinical hip function of the patient [10] . Typically, two oblique Judet views (the obturator oblique and iliac oblique) are combined with the standard AP pelvic view to classify the fracture pattern [6, 10] . The Letournel classification system, adopted by the AO and the Orthopaedic Trauma Association, utilizes the information from these three views to classify acetabular fractures into 10 distinct patterns [10, 12] . This method has been shown to be reliable for acetabular fracture classification [1] .
However, plain radiographs are subject to factors such as obesity that can impair diagnostic accuracy [2, 13, 17, 19] . Obesity is a worsening epidemic in the United States, affecting 35.7% of the population [3] . The WHO classifies obesity in three classes by BMI [22] : A BMI of greater than 30 but less than 35 is Obesity Class I; a BMI of 35 and greater but less than 40 is Obesity Class II; and a BMI of 40 or greater is Obesity Class III. Class II and III obesity are commonly referred to as morbid obesity [21] . In addition, patient positioning for radiographic imaging can become challenging, often resulting in multiple attempts as the technologist tries to correctly center the image on the pelvis [19] . Furthermore, obesity is associated with increased soft tissue apposition that may obscure subtle fracture lines making fracture classification more difficult [17] .
Recent CT advancements allow the creation of twodimensional images that approximate AP and Judet plain radiograph views, using the CT data obtained as part of the standard trauma evaluation [7, 13] . These CT-generated radiographs may obviate the need for plain radiograph Judet views, allow for more accurate and timely diagnosis and preoperative planning, and decrease the radiation burden to the patient [2, 15, 16] . We wondered whether they would help improve diagnostic accuracy compared to plain radiographs in a population of patients with obesity who present with acetabulum fractures.
We therefore compared CT-generated and plain radiographs in a population of obese patients with acetabular fractures in terms of (1) the ability to classify fracture type, (2) the agreement in fracture classification, and (3) surgeon performance at different experience levels.
Patients and Methods
After obtaining institutional review board approval, we retrospectively reviewed a database of all patients with trauma presenting to our Level 1 trauma center from June 2009 to July 2011. There were 21 patients with a diagnosis of acetabular fracture and identified as having a BMI of greater than 35. Five patients were excluded for not having the required surgical intervention, leaving 16 patients with 17 total fractures. The mean age at presentation was 41 years (range, 21-66 years). Twelve patients were women, and four were men.
Images obtained on presentation to the emergency department were used for this study. All CT scans were obtained as part of the patients' routine trauma evaluation using a Siemens Somatom 1 40 detector CT (Siemens AG, Berlin, Germany) with 1-to 3-mm section cuts. For this study, two image sets were created for each patient: AP and two Judet oblique plain radiographs (Image Set A, Fig. 1 ) and AP and two Judet oblique CT-generated radiographs (Image Set B, Fig. 2 ). The CT-generated radiographs were created by radiology technicians using a standardized computer workstation and software (Syngo MMWP; Siemens AG). A total of 34 image sets were created for evaluation. All images had the patient identifiers removed. These 34 image sets were randomized using a computerized random number generator (Microsoft 1 Office Excel 1 2003; Microsoft Corp, Redmond, WA, USA). The image sets were then randomly arranged in an alternating plain radiograph and CT-generated radiograph order. The images were transferred from Synapse 1 picture archiving and communication system (FUJIFILM Medical Systems USA, Inc, Stamford, CT, USA) and presented to the study group as a Microsoft 1 PowerPoint 1 (Microsoft Corp) presentation.
Three observer groups were created for comparison based on level of training, including an attending level (three fellowship-trained orthopaedic traumatologists), a senior resident level (three Postgraduate Year 4 and 5 residents), and a junior resident level (three Postgraduate Year 2 and 3 residents). The method for classifying the fractures was reviewed with each observer [11] . Each observer reviewed the 34 image sets and the diagnosis was recorded by each observer as one of the 10 types of acetabular fractures of the Letournel classification system: anterior wall, anterior column, posterior wall, posterior column, transverse, anterior column or wall plus posterior hemitransverse, posterior column plus posterior wall, transverse plus posterior wall, T-shaped, and both column [1, 10] . In this way, 51 total diagnoses (17 fractures 9 three observers) were produced per observer group (with 153 total observations) for each plain radiograph and CT-generated radiograph image set. These image sets were rerandomized and reviewed for a second time after a minimum 1-month washout period to assess intraobserver reliability. The first observer review of the image sets was used for all other statistical analyses. The gold standard diagnosis was determined by the treating surgeon, who was not a member of the study group and used all available imaging studies (including the two-dimensional CT data) and the findings at the time of surgical intervention ( Table 1) .
Agreement between each of the two imaging methods and the gold standard diagnosis among observer groups and intraobserver agreements were evaluated with kappa statistics. The j values were interpreted by using the guidelines of Landis and Koch [9] , in which 0 to 0.20 indicates poor agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate agreement, 0.61 to 0.80 substantial agreement, and greater than 0.80 almost perfect agreement. Proportional probability statistics (Z-scores) were used to evaluate differences in observer performance using CTgenerated and plain radiographs. Differences with a p value of less than 0.05 were considered significant. Analysis was performed on a commercially available statistical package (SPSS 1 Statistics for Windows 1 , Version 20.0; IBM Corp, Armonk, NY, USA).
Estimate for kappa (2c 2 ) requires only two subjects to look at one method at a time (in this study, CT-generated radiographs or plain radiographs) and eight subjects to look at both methods [14] . An a priori analysis sample size calculation indicated that our planned 51 observations in each of three observer groups would produce sufficient power at 80% to detect a difference between plain and CTgenerated radiographs in terms of interobserver agreement in diagnosis. A post hoc statistical power calculation was performed; with the data spread we observed, we had 80% power to detect a j value difference of 0.10 [20] . Although somewhat study specific, a j value difference of 0.10 is recommended as the smallest difference to be tested [20] . In addition, a post hoc sample size calculation indicated we had 80% power to detect a 25% difference in the percentage of correctly classified fractures, with alpha set at 0.05 [5] .
Results
Overall and within each experience level, with the numbers available, there was no difference in ability to correctly classify acetabular fracture type by CT-generated radiographs as compared to plain radiographs (all observers: 54% versus 49%, p = 0.48; attendings: 61% versus 59%, p = 0.83; senior residents: 51% versus 53%, p = 0.84; and junior residents: 49% versus 35%, p = 0.16) ( Table 2) . Furthermore, overall intraobserver reliability was substantial with both CT-generated radiographs (j = 0.70; 95% CI: 0.58, 0.82) and plain radiographs (j = 0.65; 95% CI: 0.41, 0.89) ( Table 2 ). In addition, intraobserver reliability was substantial or better with both CT-generated and plain radiographs for the attending and senior resident groups ( Table 2 ). For the junior resident group, intraobserver reliability was substantial with the CT-generated radiographs (j = 0.69; 95% CI: 0.49, 0.89) but only moderate with plain radiographs (j = 0.41; 95% CI: 0.17, 0.65).
Agreement between CT-generated and plain radiographic fracture classifications was substantial overall (j = 0.67; 95% CI: 0.55, 0.79) ( Table 3 ). However, we found differences by experience level. Agreement between findings on CT-generated and plain radiographs was substantial among attendings (j = 0.80; 95% CI: 0.63, 0.97) and senior residents (j = 0.72; 95% CI: 0.53, 0.91) but only moderate among junior residents (j = 0.48; 95% CI: 0.26, 0.72) ( Table 3 ). Furthermore, the agreement between attending surgeons and residents increased when CT-generated radiographs were used (Table 3) . Attending surgeons and senior residents demonstrated substantial agreement when CT-generated radiographs were used (j = 0.65; 95% CI: 0.43, 0.87) but only moderate agreement for plain radiographs (j = 0.56; 95% CI: 0.33, 0.79). Attendings and junior residents showed moderate agreement with CT-generated radiographs (j = 0.53; 95% CI: 0.30, 0.76) but only fair agreement for plain radiographs (j = 0.40; 95% CI: 0.18, 0.62). When comparing the resident groups, senior residents and junior residents showed substantial agreement when using CT-generated radiographs (j = 0.73; 95% CI: 0.54, 0.92) but only fair agreement when using plain radiographs (j = 0.35; 95% CI: 0.11, 0.59). Attendings and senior residents performed better than junior residents when using plain radiographs, but performance was not different among the groups when using CTgenerated images (Table 4 ). Although performance among experience levels when using plain or CT-generated radiographs, as compared to the gold standard, generally improved as the level of experience increased, performance improvement reached statistical significance only for the evaluation of the plain radiographs (Tables 2, 4 ). Attending physicians were better at reading plain radiographic views than junior residents (p = 0.01). Senior residents were also better at reading plain radiographs than junior residents (p = 0.049). There was no difference in performance among the experience levels when reading the CT-generated radiographs (Table 4 ).
Discussion
While the current standard recommendations in the care of acetabular fractures include the use of three plain radiograph views of the pelvis (AP, iliac oblique, and obturator oblique), there are a number of factors that can limit their effectiveness in the trauma setting [2] . These factors include overlying gas patterns, patient discomfort, associated injuries, and obesity [2, 13, 17, 19] . Since the initial description of this method of assessment, there have been CT-generated radiographs
Plain radiographs
Trauma attendings versus senior residents 1.00 (p = 0.32) 0.55 (p = 0.58)
Trauma attendings versus junior residents 1.22 (p = 0.22) 2.55 (p = 0.01)
Senior versus junior residents 0.22 (p = 0.83) 1.95 (p = 0.049) advances in imaging techniques that may allow for accurate imagining without the above-mentioned limitations [2, 7, 19] . Two-dimensional CT of the pelvis is part of the routine trauma workup at trauma centers and permits quick imaging of the pelvis without placing the patient in oblique positions. CT reconstruction algorithms have been developed that can create simulated radiographs while subtracting bladder contrast material, gas patterns, and soft tissue [2, 7, 16] . However, to our knowledge, CT-generated radiographs have not been evaluated against plain radiographs to determine whether they improve the clinician's ability to make a diagnosis in obese patients. We therefore compared CT-generated and plain radiographs in a population of obese patients with acetabular fractures in terms of (1) the ability to classify fracture type, (2) the agreement in fracture classification, and (3) surgeon performance at different experience levels.
There are a number of limitations to this study. First, the retrospective nature of our patient selection does not allow for prospective standardization of the radiographic methods. However, all of the radiology technicians at our institution see a high volume of patients with acetabular fractures and are well trained. Because of the clinical volume and the experience of these technicians, these images most likely also represent a best-case scenario of what can be obtained in an orthopaedic practice. Second, the CT images were subject to the pelvic CT protocol in place at the time that the patient was treated and vary from 1 to 3 mm in thickness. However, our study demonstrates that, despite not having a specific set protocol, radiographs generated from routinely acquired CTs functionally are not different from plain radiographs. In addition, the apparent overall low percentage of correct interpretations (Table 2) could be viewed as a study limitation. However, the performance of our attending traumatologists was similar to previously reported rates when plain radiographs are used in isolation from axial CTs [16] . Our accuracy rate of 59% was similar to the 52% reported by O'Toole et al. [16] using plain radiographs alone. Similarly, our accuracy rate of 61% was similar to the 68% reported by O'Toole et al. [16] using CT-generated radiographs. These radiographs were used in isolation from axial CT images and intraoperative findings that would no doubt aid the treating surgeon in correctly diagnosing the acetabular fracture pattern.
Another limitation is our sample size of 153 total observations for each image set divided among three observer groups. Both a priori and post hoc statistical analyses substantiated sufficient power for all level of agreement (j) calculations. However, post hoc analysis revealed that our accuracy calculations required a 25% difference in the percentage of correctly classified fractures to produce 80% power with alpha set at 0.05. Therefore, this study is underpowered to detect relatively small observed differences. This limitation may not be material to interpreting the results, however, as we observed less variability in the raw percent correct data for CT-generated radiographs (range, 49%-61%) versus plain radiographs (range, 35%-59%). Furthermore, for the findings not attaining statistical significance, the raw numbers, if anything, point to better diagnostic accuracy using the CTgenerated radiographs as compared to the plain radiographs. However, it is possible that the findings of no difference in diagnostic accuracy by experience level group represent a Type II statistical error, as the study was powered for the measurement of interobserver agreement rather than diagnostic accuracy. In addition, this study did not explore the association between fracture type and interobserver agreement or diagnostic accuracy. Observers were presented only 17 unique fractures, which does not allow thorough statistical analysis given that observers could have selected 10 different fracture types, of which seven were among those presented to the observers. If there is an association between fracture type and interobserver agreement or diagnostic accuracy, it is possible that a different mix of fracture types would have produced different results.
Our findings indicate that, in a study population of obese patients, plain radiographs offer no advantage over CTgenerated radiographs for fracture classification. This is similar to previous work by O'Toole et al. [16] , which evaluated the utility of CT-generated radiographs for acetabular fracture diagnosis and demonstrated that Judet view plain radiographs had a lower agreement (52%) and j value (0.512) than CT-generated radiographs (68% and 0.659, respectively). However, that study did not specifically look at an obese patient population and included only patients who already had a three-dimensional CT reconstruction available, thereby introducing the possibility of selection bias. In addition, their study was limited by using consensus opinion as the gold standard. Therefore, in the current study, we sought to determine the applicability of CT-generated radiographs in obese patients and used all these patients who presented to a Level 1 trauma center. Furthermore, we believe that a more appropriate gold standard diagnosis is that determined by the treating surgeon, using all available imaging studies and the intraoperative findings by which the presumed fracture can be validated during the operative procedure. We believe that this method offers greater potential accuracy in obtaining the true classification. Using this method in a general population of patients with acetabular fractures, Borelli et al. [2] had findings similar to ours (CT-generated radiographs: j = 0.73; plain radiographs: j = 0.78).
The analysis of the frequency of diagnosis agreement between CT-generated and plain radiographs demonstrated substantial overall agreement (j = 0.67). However, for the less experienced junior surgeons, it was found that the agreement was merely moderate (j = 0.48), indicating that less experienced surgeons have more difficulty in delineating the same fracture pattern. In addition, surgeons with greater experience performed better than junior residents when looking specifically at plain radiographs. These findings are consistent with those of Beaule et al. [1] . They found that their most experienced observers (a group consisting of three orthopaedic surgeons who had studied under Letournel and had 15 to 18 years of experience treating acetabular fractures) did better than the less experienced observers (three general orthopaedic trauma surgeons who had treated fewer than 50 fractures over the previous 5-to 10-year period) [1] . However, for CT-generated radiographs, we did not observe a difference by experience level. This would suggest that CT-generated radiographs are valuable not simply for clinical applications but also for teaching less experienced residents. As one's experience increased, the accuracy of plain radiographs improved to eventually be no different from that with CT-generated radiographs.
Electing to forego plain radiographs in favor of generated images has a number of potential benefits. Returning the patient to the radiology suite to obtain Judet views or repeat imaging due to inadequate films would be eliminated. Furthermore, CT-generated radiographs may be rotated and manipulated without subjecting the patient to possible pain and discomfort from transport to the radiology suite and positioning for the oblique radiographs. In patients who have associated injuries that may preclude the positional manipulation required for plain radiographic Judet views, CT-generated radiographs offer the ability to stabilize the patient but still obtain all necessary information. In addition, for surgeons less experienced with viewing Judet plain radiographs, CT-generated radiographs facilitate improved understanding of the fracture morphology and communication among all members of the orthopaedic trauma team. However, it should be noted that, due to the contained supine patient position during the CT procedure, CT-generated radiographs may underestimate fracture instability that may be more apparent under the oblique positioning required for plain radiographic Judet views [18] .
Our findings echo those of previous studies [2, 16] in unselected patient populations but extend those findings and confirm them in a population of patients with obesity. Based on our findings, we believe that, for obese patients, once an acetabular fracture is suspected, there is no need to obtain plain radiographic Judet views. The data obtained from the routine pelvic CT with 3-mm or less slice thickness can be used to create simulated AP and Judet plain radiographic views. In conjunction with the standard two-dimensional axial CT images, these CT-generated radiographs should be sufficient for diagnosis and preoperative planning. Furthermore, we believe that CT-generated radiographs are an important imaging development and consideration should be given for their general use as an alternative to repeat imaging when initial plain radiographs prove to be inadequate. In this way, additional radiation exposure and patient discomfort can be avoided.
Based on our findings, we no longer see the need to put obese patients through the discomfort and additional cost and radiation exposure associated with plain radiographs if they are getting a CT scan as part of their evaluation.
